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ABSTRACT 


The Upper Jurassic ichthyosaurs, characterized by the intermedium/humeral contact are known from several lo- 
calities in Europe and North America. However, they are often described either briefly, or based on fragmentary ma- 
terial, resulting in a taxonomic tangle in most overviews. Grendelius McGowan, 1976 was previously synonymized 
with Brachypterygius Huene, 1922. However, it possesses a number of distinct features: intermedium with wide 
distally faced facet for distal carpal 3 (faced anterodistally in Brachypterygius and equal in size with distal carpal 4 
facet), posterodistal contact of metacarpal 5 with ulnare (distal in Brachypterygius), and absence of postaxial acces- 
sory digit (well developed in Brachypterygius). We apply a cladistic analysis to place Grendelius and Brachypterygius 
in a phylogenetic context. Our analysis recovered Brachypterygius and Grendelius as distinct groups. The clade 
Grendelius + Otschevia gives us good reason to regard the genus Otschevia Efimov, 1998 as a subjective junior syn- 
onym of Grendelius. 
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PESIOME 

IIoazHeropckue uxTuoaasBpbr, o6zra/tarome KOHTaKTOM HHTepMe/IUyMa H IIJIedeBOii KOCTH, H3BeCTHBI H3 paa Me- 
croHaxo»k7teuuit EBporrbr u CesepHoit AMepuku. O/tHako ux OItHCaHHs 3a4aCTy10 BecbMa JIAaKOHWUHPI, H Óa3HpyloT- 
ca Ha (pparMeHTapeHTapHoM MaTepuajte, YTO IIDHBeJIO K TAKCOHOMMYECKON myranuite B page o630pnbix pa6or. Pon 
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Grendelius McGowan, 1976 panpme cuurazcs CuHOHMMOM poxa Brachypterygius Huene, 1922, oznako OH xapakre- 
pH3yeTcs p3IOM IIpH3HaKOB: HHTepMe/IMyM c rmaipokoit yuicra rego cworpsmreit oacerkoii zur ITI zmicraznoit Kap- 
ram (aHTepOAMCTasbHO HanpaBJieHa y Brachypterygius n paBHa no pasMepam d:acerke ui IV nmacrazbnoii kapra- 
JHH), MOCTepOAMCTabHbIii KOHTaKT V Merakaprajmnu c ybHape (AACTANDHDIÄ y Brachypterygius), u orcyrcrBueM 
IIOCTAKCHAJIBHOTO /IOIIOJIHHTE/IbHOTO IIaJIbIIa (uMeercsi H xoporro paaBur y Brachypterygius). Mbt npumennn Kia- 
AucTWUeckuii alas JIA onpeziezenis duzoregeramieckoro NONOKEHAA pozos Grendelius u Brachypterygius, B pe- 
ayaibrare rozyuus Brachypterygius u Grendelius B coctaBe paanbix Kian. Pon, Otschevia Efimov, 1998 some B kia- 
ny c Grendelius, «ro no3B0z13er HaM paccMarpuarb ero Kak Mati CyObeKTUBHbIM CHHOHUM pora Grendelius. 


Knouenbie cJt0Ba: uxTHO3aBDbri, ropa, bumorenua, Brachypterygius, Grendelius 





INTRODUTION 


Interest in ichthyosaurs, Mesozoic marine rep- 
tiles, has considerably increased in recent years. New 
genera and species of these fish-like reptiles are an- 
nually erected (Fischer et al. 2011, 2012, 2014a, b; 
Druckenmiller et al. 2012; Roberts et al. 2014; Max- 
well et al. 2015), and a number of previously synony- 
mized taxa has been reassessed (Fischer et al. 2014b, 
2014c; Arkhangelsky and Zverkov 2014). At present, 
seven genera of the Upper Jurassic ophthalmosaurids 
are unambiguously recognized: Ophthalmosaurus 
Seeley, 1874; Brachypterygius Huene, 1922; Nan- 
nopterygius Huene, 1922, Caypullisaurus Fernandez, 
1997, Undorosaurus Efimov, 1999; Aegirosaurus Bar- 
det et Fernandez, 2000 and Arthropterygius Maxwell, 
2010. However, problems regarding the validity and 
taxonomic position of several Volgian (Tithonian) 
boreal ichthyosaur genera are still unresolved. These 
ichthyosaurs are similar to the species described from 
Western Europe, and, therefore, for a long time they 
were regarded as subjective junior synonyms of earli- 
er named European forms (Maisch and Matzke 2000; 
McGowan and Motani 2003; Maisch 2010). Some 
ichthyosaurs from the Volga Region (Undorosaurus 
Efimov, 1999b, Paraophthalmosaurus Arkhangelsky, 
1997) differ from their European and American 
relatives in a number of features (architecture of the 
forefin and shoulder girdle, the structure of the pel- 
vis, the morphology of the teeth, and so forth). They 
are most similar to the boreal forms from Svalbard ar- 
chipelago — Cryopterygius Druckenmiller et al., 2012 
(Arkhangelsky and Zverkov 2014). The high similar- 
ity of Svalbard ichthyosaur Janusaurus Roberts et al., 
2014 with Arthropterygius was discussed by Zverkov 
et al. (2015). New unpublished data (NGZ) supports 
wide distribution of Arthroptrygius-like ichthyosaurs 
in boreal aquatory. 


In this paper we review the peculiar platyptery- 
giine ichthyosaurs, which are characterized by the 
intermedium/humeral contact. Most of the recent 
studies (Fischer et al. 2011, 2012, 2014a—c; Roberts et 
al. 2014; Arkhangelsky and Zverkov 2014) recovered 
these ichthyosaurs as a sister group to derived Creta- 
ceous platypterygiines. However, the Upper Jurassic 
platypterygiines are described based on fragmentary 
material, resulting in a taxonomic tangle in most 
overviews (Maisch and Matzke 2000; McGowan 
and Motani 2003; Maisch 2010). Recent discover- 
ies of several new derived ichthyosaurs, elaborated 
phylogenetic hypothesis of ichthyosaurian interrela- 
tionships, and the brevity of the original descriptions 
of the species “Otschevia” zhuravlevi Arkhangelsky, 
1998 and “O.” alekseevi Arkhangelsky, 2001 allows 
us to provide a detailed redescription of these species 
and reassessment of their phylogenetic position. We 
also describe a platypterygiine ichthyosaur similar to 
Brachypterygius and Grendelius, and combining both 
primitive and derived features, which suggest its in- 
termediate phylogenetic position. 

Phylogenetic analysis recovered Brachypteryg- 
ius and Grendelius (= Otschevia) as distinct groups: 
Grendelius is recovered as a basal member of Platy- 
pterygiinae and Brachypterygius as a member of the 
‘sveltonectine’ clade (Fischer et al. 2011). We think 
that these facts confirm validity of both genera. 

Institutional abbreviations. BNSS, Bourne- 
mouth Natural Science Society (Bournemouth, Dor- 
set, UK); BRSMG, Bristol City Museums and Art 
Gallery (Bristol, UK); GIN, Geological Institute of 
the Russian Academy of Sciences (Moscow, Russia); 
MSU, Lomonosov Moscow State University (Mos- 
cow, Russia); MJML, Museum of Jurassic Marine 
Life (Kimmeridge, Dorset, UK); NHMUK, Natural 
History Museum (London, UK); SGM, V.I. Verna- 
dsky State Geological Museum of the Russian Acad- 
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emy of Sciences (Moscow, Russia); SRM, Saratov 
Regional Museum of Local Lore (Saratov, Russia); 
SMC, Sedgwick Museum, University of Cambridge 
(UK); UPM, Undory Paleontological Museum (Un- 
dory Village, Ulyanovsk Province, Russia); WESTM, 
Woodspring Museum, (Weston-super, Mare, UK); 
YKM, Ulyanovsk Regional Museum of Local Lore 
named after I.A. Goncharov (Ulyanovsk, Russia). 


MATERIAL AND METHODS 


For the purpose of this review we examined all the 
available Upper Jurassic ichthyosaurs referable to 
Platypterygiinae Arkhangelsky 2001 sensu Fischer et 
al. 2011, deposited in Russian museums (SGM, SRM, 
YKM). 

YKM 56702 - (Fig. 1) incomplete skeleton: frag- 
mentary skull, pectoral girdle, forelimbs, vertebral 
column, and ribs; Ulyanovsk Province, Ulyanovsk 
District, Child health center, 18 km north of Uly- 
anovsk, right bank of the Volga River; Upper Juras- 
sic, Volgian, Dorsoplanites panderi zone. 

SRM Hb 30192 - mounted partial skeleton: 
fragmentary jaw bones, incomplete vertebral column, 
fragmentary ribs, humeri, epipodial and autopo- 
dial elements, right femur; Samara Province, Syzran 
District, Kashpirskoe Pyroshale Field (Mine Ne 3); 
Upper Jurassic, Middle Volgian, lower part of Dorso- 
planites panderi zone. 

SGM 1445-01 — atlas-axis complex, fragments 
of presacral centra; SGM 1566 — right coracoid, 
humerus, elements of epipodium and autopodium; 
the precise locality of these specimens is unknown; 
Upper Jurasic, Volgian. 

Some samples of rock were collected from the 
intervertebral space of SGM 1445-01 for microfauna 
search in order to determine the age of the specimen. 
The rock, a sandstone with calcareous cement, was 
disintegrated by using of sodium thiosulfate. The 
foraminifers selected after a treatment was identified 
by M.A. Ustinova (GIN) as Saracenaria prolata K. 
Kuznn and Lenticulina sp., which allows attributing 
the bones to the Middle Volgian, Upper Jurassic 
(possibly Dorsoplanites panderi zone). 

SGM 1445-01 and SGM 1566 have different col- 
lection numbers, because they were placed in different 
trays and were numbered at different times. However, 
bone preservation and lithology of the matrix confirm 
their unity. Additionally, X-ray phase analysis was car- 
ried out by V.L. Kosorukov (Department of lithology, 
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MSU) to test the unity of the matrix SGM 1445-01 
and SGM 1566. The results revealed that the mineral 
composition and the proportion of mineral phases in 
the selected samples are very similar. 

The terms for the regions of the vertebral column 
follow Kirton (1983) and McGowan and Motani 
(2003). Because cervical and dorsal vertebrae are 
indistinguishable in ichthyosaurs, the neutral term 
‘presacral’ is used for all vertebrae, located caudally 
to atlas-axis complex and possessing diapophyses and 
parapophyses. 

Phylogenetic analysis. To determine the phy- 
logenetic relationships of the genera Grendelius and 
Brachypterygius, as well as their position within Ich- 
thyosauria, an analysis was conducted on the basis 
of 26 taxa and 61 characters (Appendix 1). We use 
the matrix developed by Fischer et al. (2012) and 
several characters were taken from Arkhangelsky 
and Zverkov (2014), Sander (2000) and Roberts et 
al. (2014) (see Appendix 2). Temnodontosaurus is 
used as an outgroup in our analysis. Coding of some 
characters for Mollesaurus periallus Fernandez, 1999, 
Arthropterygius chrisorum (Russell, 1993) and Cay- 
pullisaurus bonpartei Fernandez, 1997 were changed 
in accordance with new data (Fernández 2007; 
Fernandez and Talevi 2013; Roberts et al. 2014). 
(See Appendices 1 and 3). In addition, we added 
three taxa to the analysis: Grendellius pseudoscythi- 
cus, G. zhuravlevi, and G. alekseevi (all three species 
were previously referred to the genus Otschevia). 
We treated Grendelius mordax and Brachypterygius 
extremus as distinct operational taxonomic units 
(OTUs), while these were combined in a single OTU 
by Fischer et al. (2012) under the name Brachyptery- 
gius extremus, following McGowan (1997). 

Two new characters (7 and 27), relating to mor- 
phology ofthe atlas-axis complex and nasal, were add- 
edtothe matrix (see Appendix 2). Thenew characters 
were coded based on the literature (Gilmore 1905; 
Andrews 1910; Appleby 1956; Johnson 1979; Wade 
1984, 1990; Delair 1986, 1987; Arkhangelsky 1997, 
1998a, b; Kirton 1983; Fernández 1994, 1997, 1999, 
2001, 2007; Efimov 1997, 1998, 19993, b; Bardet and 
Fernández 2000; McGowan and Motani 2003; Kear 
2005; Maxwell and Caldwell 2006; Kolb and Sander 
2009; Druckenmiller and Maxwell 2010; Maxwell 
2010; Fischer et al. 2011, 2012, 2013; Druckenmiller 
et al. 2012;Fischer 2012; Fernández and Talevi 2013). 
Three different specimens (NHMUK R3177, SMC 
J68516 and BRSMG Ce 16696), originally encoded 
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by Fischer et al. (2012) as a single OTU of Brachy- 
pterygius extremus, were considered in the following 
way: Grendelius mordax (OTU1) integrating SMC 
J68516 and BRSMG Ce 16696 based on practically 
identical cranial morphology (McGowan 1997) and 
Brachypterygius extremus (OTU2) based on the ho- 
lotype specimen (NHMUK R3177) and materials 
with a high degree of probability belonging to the 
same individual (WESTM 78/219 and BNSS 0006). 
Encoding of G. mordax was supplemented by authors 
personal observations based on photographs of the 
holotype SMC J68516 and BRSMG Ce 16696 kindly 
provided by B.C. Moon (pers. com. May 2014) and 
V. Fischer (pers. com. July 2015). The data matrix 
was processed in TNT ver.1.1. (Goloboff et al. 2008), 
using the heuristic search via the Wagner algorithm, 
1000 replications, tree bisection and reconnection 
branch swapping, 10 trees save per replication. 


SYSTEMATICS 


Order Ichthyosauria de Blainville, 1835 
Family Ophthalmosauridae Baur, 1887 


Subfamily Platypterygiinae Arkhangelsky, 2001 
sensu Fischer et al. 2012 


Genus Brachypterygius Huene, 1922 
Brachypterygius extremus (Boulenger, 1904) 


Ichthyosaurus extremus: Boulenger, 1904: 425. 
Brachypterygius extremus: Huene, 1922: 97. 


Holotype. NHMUK R3177, an associated forefin. 
Precise locality and age are unknown (see discussion). 

Revised diagnosis. Modified from Huene (1920) 
and Kirton (1983); supplemental characters: a medi- 
um-sized (up to 4 m judging by the forelimb length) 
platypterygiine ichthyosaur, possessing the following 
unique combination of features: humerus with three 
distal facets (the middle facet being smaller than the 
other two and articulating with the intermedium, 
which wedges between radius and ulna); anterodistal 
edge of the humerus protruding anteriorly and prac- 
tically forming a contact with the first element of the 
anterior accessory digit; equal intermedium facets 
for the distal carpals 3 and 4; reduced contact of in- 
termedium and radiale; absence of contact between 
pisiform and metacarpal 5; rectangular and tightly 
packed proximal autopodial elements. 
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Comparison. Brachypterygius extremus differs 
from other platypterygiine genera in expanded 
forelimb, wherein the intermedium equally contacts 
with distal carpals 2 and 3, and enlarged pisiform. It 
is similar to Aegirosaurus, Grendelius and Maiaspon- 
dylus Maxwell et Caldwell, 2006 in the presence of 
the intermedium/humeral contact; to Sveltonectes 
Fischer et al., 2011 in the reduced contact of inter- 
medium/radiale; and to Aegirosaurus, Sveltonectes, 
Platypterygius hercynicus Kuhn, 1946 in the strong 
development of one posterior accessory digit. A small 
amount of phalanges in the digits could be a result 
of incorrect mounting during preparation (Kirton, 
1883). If such a small amount of phalanges was a 
natural condition (Delair, 1986), it could be an ad- 
ditional unique feature of Brachypterygius extremus. 

Remarks. Diagnosis for the genus as for the type 
species. 


Genus Grendelius McGowan, 1976 


Grendelius: McGowan, 1976: 671; Kirton, 1983: 110. 

Brachypterygius: Maisch and Matzke, 2000: 79; McGowan 
and Motani, 2003: 117; Maisch, 2010: 166. 

Otschevia: Efimov, 1998: 82; Motani, 1999: 485; Storrs et al, 
2000: 202; Arkhangelsky, 2001: 69; 2008: 252. 


Type species. Grendelius mordax McGowan, 1976; 
Upper Jurassic, Lower Volgian (Tithonian); Norfolk, 
United Kingdom. 

Other species. Grendelius zhuravlevi (Arkhangel- 
sky, 1998), comb. nov.; Upper Jurassic, Middle Vol- 
gian, Saratov and Samara provinces, Russia; Gren- 
delius pseudoscythicus (Efimov, 1998), comb. nov., 
Upper Jurassic, Lower Volgian; Ulyanovsk Province, 
Russia; Grendelius alekseevi (Arkhangelsky, 2001), 
comb. nov; Upper Jurassic, Middle Volgian; Ulya- 
novsk Province, Russia. 

Distribution. Upper Jurassic, Lower Volgian 
(Tithonian), United Kingdom; Lower to Middle Vol- 
gian, Russia; ?Upper Tithonian, Mexico (Buchy and 
López Oliva 2009). 

Revised diagnosis. Modified from McGowan 
(1976), Kirton (1983), Efimov (1998), and Arkhan- 
gelsky (2000, 2001); supplemental characters based 
on authors personal observations: a medium-sized 
platypterygiine ichthyosaur possessing the following 
unique combination of features: massive skull with 
long robust jaws and relatively small eyes; prominent 
hump on internasal surface of the nasal just before 
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the beginning of the excavatio internasalis; rostrally 
protruding process on the dorsal border of the nares, 
overlaping premaxilla externally (unambiguous au- 
tapomorphy, character 7, state 1); wide, sheet-like 
sub- and supranarialis processes on the premaxilla 
(autapomorphy); deep concavity on the dorsal border 
of the lacrimal, surrounded anteriorly and posteriorly 
by ridges and participating in the ventral border of 
the external nares (autapomorphy); basioccipital 
lacking a basioccipital peg, with the condyle not 
clearly set off from the extracondylar area, the latter 
being extremely reduced; robust interclavicle with 
spade shaped posterior process expansion; humerus 
with three or four distal facets, the medial one is for 
contact with intermedium, the posterior 4th — for 
neomorphic ossicle; ulnare excluded from contact 
with the intermedium by distal carpal 4 and contacts 
distally metacarpal 4; intermedium possessing wide 
distal contact with distal carpal 3; metacarpal 5 con- 
tacts ulnare posterodistally; femur with two distal 
facets and prominent dorsal and ventral processes; 
tibial facet twice smaller than fibular facet. 

Comparison. Grendelius differs from other 
ophthalmosaurids in presence of the process on the 
dorsal border of the nares, externally overlapping 
premaxilla, and deep concavity on the dorsal border 
of the lacrimal, participating in the ventral border 
of the external nares. The spade shaped posterior 
expansion of the interclavicle is similar to that of 
Cryopterygius (Druckenmiller et al. 2012). Grende- 
lius differs from sveltonectine ichthyosaurs (clade ‘S’, 
see discussion) by the robust skull with large teeth. 
In a wide distal contact of intermedium with distal 
carpal 3 and posterodistal contact of metacarpal 5 
with ulnare Grendelius is similar to Undorosaurus 
(Efimov 1999b; Arkhangelsky and Zverkov 2014), 
Cryopterygius (Druckenmiller et al. 2012; Arkhan- 
gelsky and Zverkov 2014), Paraophthalmosaurus 
(Efimov 1999a; Arkhangelsky and Zverkov 2014), 
Caypullisaurus (Fernández 1997, 2001), Platypteryg- 
ius (e. g. Arkhangelsky et al. 2008; Kolb and Sander 
2009; Maxwell and Kear 2010; Zammit et al. 2010) 
and different from Brachypterygius, Sveltonectes 
(Fischer et al. 2011) and Ophthalmosaurus (Andrews 
1910; Applebey 1956). Absence of postaxial (6) digit, 
observed also in Undorosaurus and Cryopterygius 
(Efimov 1999b; Druckenmiller et al. 2012; Arkhan- 
gelsky and Zverkov 2014), distinguishes Grendelius, 
Undorosaurus and Cryopterygius from all other Upper 
Jurassic and Cretaceous ophthalmosaurids. 


N.G. Zverkov et al. 


Grendelius mordax McGowan, 1976 


Grendelius mordax: McGowan, 1976: 671, figs. 1; 2A, B, C, 
F; 3. 

Brachypterygius mordax: Maisch and Matzke, 2000: 79; 
Maisch, 2010: 166. 

Brachypterygius extremus: McGowan and Motani, 2003: 
117, fig. 94. 


Holotype SMC J68516, a complete skull with 
associated postcranial elements; United Kingdom, 
Norfolk, Great Ouse Flood Relief Channel, about 
100 m south of the bridge at Stowbridge, 12 km 
south of King’s Lynn, Upper Jurassic, Early Volgian 
(Tithonian), Pectinatites wheatleyensis zone. 

Distribution. Volgian (Tithonian), Upper Juras- 
sic, Stowbridge, Norfolk; Kimmeridge Bay, Dorset, 
United Kingdom. 

Referred specimens. Holotype SMC J68516; 
BRSMG Ce 16696 (a partial skeleton), United 
Kingdom, Dorset, Kimmeridge Bay; Upper Jurassic, 
Volgian (Tithonian). 

Revised diagnosis. Modified from McGowan, 
1976, 1997; McGowan and Motani 2003; supplemen- 
tal characters based on authors personal observa- 
tions: a medium-sized platypterygiine ichthyosaur 
possessing the following autapomorphies: ulnare 
excluded from contact with intermedium by distal 
carpal 4 and distally contacting metacarpal 4; inter- 
medium possessing distal contact with distal carpal 
3 and posterodistal contact with metacarpal 4; oval 
and thickened autopodial elements. 

Comparison. The cranial morphology of 
G. mordax is very similar to G. alekseevi, while differs 
in more robust and ventrally convex parasphenoid 
base and presence of prominent hypoglossal foram- 
ina in the exooccipital. The forefin architecture of 
G. mordax differs from other Grendelius species in 
presence of intermedium and distal carpal 4 contact 
and absence of additional ossicles. Detailed compari- 
son is difficult due to absence of detailed description 
for BRSMG Ce 16696. 


Grendelius alekseevi (Arkhangelsky, 2001), 
comb. nov. 


Otschevia alekseevi Arkhangelsky, 2001: 66, figs. 1-3; 
Arkhangelsky, 2008: 252, fig. 7. 
Brachypterygius alekseevi: Maisch, 2010: 167. 


Holotype YKM 56702; partial skeleton: fragmen- 
tary skull, humeral girdle, forelimbs, vertebral col- 
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Fig. 1. Skeletal reconstruction of Grendelius alekseevi based on some cranial and postcranial features of Grendelius mordax and Brachypte- 


rygius extremus. Presented skeletal elements are marked by white. 


umn and ribs (Fig. 1); Russia, Ulyanovsk Province, 
Ulyanovsk District, Child health center, 18 km north 
of Ulyanovsk, right bank of the Volga River; Upper 
Jurassic, Middle Volgian, Dorsoplanites panderi zone. 

Revised diagnosis. A medium-sized ichthyosaur, 
characterized by the following autapomorphies: 
wide and squat exoccipital with reduced basal an- 
terior process; medial part of the scapula gradually 
expanded anteroposteriorly; reduced humeral tor- 
sion; four distal humeral facets with the posterior 
one for a neomorphic ossicle; flattened and plate-like 
zeugo- to autopodial elements (character 51, state 0); 
two preaxial accessory digits; neomorphic ossicles 
convergent to centralia, located anterodistally to in- 
termedium and separating the contact of radiale and 
distal carpal 3. 

Description. Measurements of YKM 56702 are 
given in Table 1. 

Skull. The skull is not fully preserved. There are 
fragments belonging to the area of the external nares, 
basisphenoid, basioccipitale, both stapedes and quad- 
rate bones, incomplete jugal and postorbital, strongly 
deformed fragments of the skull roof, fragment of the 
supraoccipital, fragments of the upper and lower jaws 
in the material. 

The bones forming the region of the left external 
naris are slightly disarticulated relative to each other 
and their natural contacts are altered. This condition 
changes outline of the naris. The bones participating 
in the narial region form the depression around the 
external naris. 

The maxilla extending far anteriorly but not as 
far as the nasal (Fig. 2). Its preserved fragment is 
laterally compressed; it forms the internal part of 
the labial wall and the dorsal part of the deep dental 


groove. The maxilla seems to form the process on the 
ventral border of the naris; however, it is difficult to 
distinguish because of poor preservation of the bone 
in this region. Posterolaterally, maxilla is covered by 
a small fragment of the jugal anterior margin expan- 
sion (Fig. 2). 

The dorsal surface of the nasal is thick, forming 
the hump just before the beginning of the excavatio 
internasalis. The nasal bone overhangs the nostril 
dorsally. A thin, short lateral wing originates above 
the posterodorsal margin of the external naris. Ante- 
riorly the nasal forms a process on the dorsal border 
of the naris, which protrudes rostrally and covers 
externally the sheet-like process supranarialis of the 
premaxilla (Fig. 2) — autapomorphy of Grendelius. 

The anterior part of the lacrimal is preserved. 
The dorsal edge of the lacrimal participates in the 
ventral and posterior borders of the external nares. 
In the middle part, it bears a deep concavity, which 
is reflected inwards and surrounded anteriorly and 
posteriorly by the ridges. The anterior margin of the 
lacrimal is folded, forming an interdigitating suture 
with the maxilla; the ventral margin of the bone con- 
nects with the maxilla by straight suture (Fig. 2). 

The preserved portion of the premaxilla is bro- 
ken by a long anteroposterior fissure. Towards its 
posterior margin, it shows the presence of wide and 
short, sheet-like processes subnarialis and supranari- 
alis (Fig. 2). The posterior edge of the premaxilla is 
incised by a thin notch forming the anterior border of 
the external nares. The lateral surface of the premax- 
illa bears a deep longitudinal groove that commence 
immediately at the posterior edge of the bone. 

The quadrate (Fig. 3K—M) is a large ‘C’-shaped 
bone consisting of an anteromedially orientated ptery- 
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Table 1. Selected measurements (mm) of the holotype (YKM 56702) of Grendelius alekseevi (see Fig. 3 for abbreviations used; for post- 


cranial measurements see Arkhangelsky 2001). 








Bone Length Width Height Mesurements 
Basioccipital 82 97 79 m Wm a mer heigh 40; 
Basishenoid 89 anterior 131; posterior 68 | anterior 67; posterior 50 | icf. diameter 11; fst length 50 
Quadrate dorsal 70; ventral 100 | acond. 67 150 length in the area of quadrate foramen 65 
Stapes mediolateral 96 occipital head 67 occipital head 63 - 

Atlas-axis 55 90 88 = 

















goid lamella and posterolaterally orientated occipital 
lamella. The ventral surface of the massive condyle is 
divided anteriorly by the smooth groove. This groove 
separates bosses for the articulation with the articular 
(from a medial part) and for the articulation with the 
surangular (from a lateral part). The lateral part forms 
a prominent bulge posterodorsally. The stapedial facet 
is slightly concave. It is located near to the ventral 
end of the bone. The anterior pterygoid lamella is 
plate-like and bears a groove along its anterior mar- 
gin. The lateral edge of the quadrate is emarginated 
by the large quadrate foramen. Immediately above 
the condylar surface, the lateral edge of the quadrate 
bears a facet for the quadratojugal (Fig. 3L, M). 

The basioccipital (Fig. 3A—C) is a massive spheri- 
cal bone with hemispherical occipital condyle and 
extremely reduced extracondylar area. The notch- 
like notochordal pit indents the condylar surface 
in dorsal half of the condyle just under the foramen 
magnum (Fig. 3A). The base of the foramen magnum 
forms a shallow embayment on the dorsal surface of 
the condyle (Fig. 3B), laterally restricted by wide 
rounded facets for the exoccipital. The shallow floor 
of the foramen magnum forms anteriorly emerging 
basioccipital peg (Fig. 3B). The stapedial facets are 
circular in outline; they are located in the ventral 
part of the anterolateral surfaces of the basioccipital. 
The opisthotic facets are comparable in size to the 
stapedial facets and located in the anterodorsal sur- 
faces of the basioccipital (Fig. 3C). 

The basisphenoid (Fig. 3B—E) is a massive 
isometric bone, pentagonal in dorsal view and 
trapezoidal in lateral view. In the posterior part, it 
extensively contacts the basioccipital. The dorsal 
pitted surface of the basisphenoid is posteromedially 
inclined contributing to a deep nerve channel passing 
between the opisthotic and stapes. The basipterygoid 
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Fig. 2. The region of the external naris and the fragment of the left 
mandible of Grendelius alekseevi Y KM 56702: A, C — photographs; 
B, D - interpretive drawings. Abbreviations: ang — angular; den — 
dentary; gr — fossa praemaxillaris; jug — jugale; lac — lacrimale; 
lw — lateral wing; mx — maxilla; nas — nasale; pmx — premaxilla; 
pr — process of the narial bulge; spl — splenial; sur — surangular. 
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Fig. 3. Basicranium and quadrate of Grendelius alekseevi Y KM 56702: A — basioccipital and exoccipitals in posterior view; B, C — basioccipi- 
tal, basishpenoid and exoccipitals in dorsal (B), right lateral (C) views; D, E — basisphenoid in ventral (D), anterior (E) views; F-J — right 
stapes in posterior (F), anterior (G), dorsal (H), medial (T) views, stapedial lateral facet (J); K-L — left quadrate in lateral (H), medial (L) 
and posterior (M) views. Abbreviations: acond — articular condyle; bpt — basipterygoid process; con — condylar surface; eca — extracondylar 
area; em — pit for origin of eye muscle; ex — exoccipital; fart — condyle boss articulating with articular; fex — facet for exoccipitals; fm — fora- 
men magnum; fbo — facet for basioccipital; fbs — facet for basisphenoid; fop — facet for opisthotic; fpt — facet for pterygoid; fq — facet for 
quadrate; fst — facet for stapes; fsupt — surface for the articulation with supratemporal; fsur — condyle boss articulating with surangular; 
gVII — groove for hyomandibular branch of facial (VIT) nerve or glossopharyngeal (IX) nerve; gr — median groove; hy — hyoid process; 
icf — foramen for internal carotid artery; not — notochordal pit; occl —occipital lamella; pal — groove for palatal ramus of facial nerve; 
par — preserved part of parasphenoid; ptl — ptergyoid lamella; sel — sella turcica; trab — impressions of trabecular cartilages; spt — surface for 
articulation with pterygoid; qfor — quadrate foramen; VII — groove for the passage of the palatine ramus of the facial (VII) nerve. 
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processes are elongated and directed anterolaterally 
(Fig. 3B, D, E). The basipterygoid processes are sepa- 
rated posteriorly from the stapedial facet by a broad 
notch, which encloses a channel for the branch of 
the facialis (VIT) nerve (according to Kirton [1983]; 
Fig. 3C, D). Posterior to the basipterygoid processes 
on the lateral surfaces of the basisphenoid there are 
large triangle stapedial facets (Fig. 3C). The anterior 
surface of the basisphenoid is bordered posteriorly by 
high vertical wall of the dorsum sellae. In the middle 
part, it is pierced by a large rounded foramen for the 
internal carotid artery. The remaining place above 
the anterior carotid foramen is occupied by a short, 
broad depression, representing the sella turcica. Ven- 
trolaterally to the carotid foramen, there are triangle 
depressions, probably, accommodating the posterior 
base of the trabecular cartilage. Small depressions 
located dorsolateral to the impressions of trabecular 
cartilages, probably, provided points of attachment 
for the eye musculature (Fig. 3E). The ventral sur- 
face of the basisphenoid is pentagonal in outlines. It 
bears oval facets for contact with the medial wings 
of the quadrate rami of the pterygoids (Fig. 3D). 
The broad basisphenoid-parasphenoid suture is not 
visible. The foramen for the internal carotid artery is 
located between the pterygoid facets and continues 
to the posterior part of the surface as a groove. 

The stapes (Fig. 3F—J) is robust paired bone 
consisting of a large head, which articulates with the 
braincase, and a thick shaft extends ventrolaterally to 
contact the quadrate. The medial head of the stapes is 
circular in outline. It bears two facets separated from 
each other by a low vertical ridge (Fig. 31). The ba- 
sisphenoid facet is large and semi-circular in outline. 
The basioccipital facet is triangular in outline (Fig. 
3E I). Dorsally, both the basisphenoid and basioccip- 
ital facets contacts the third elongate triangular facet 
for the opisthotic (Fig. 3H). This facet is subdivided 
by a shallow groove, which is commonly interpreted 
as channel either for the hyomandibular branch of 
the facialis (VID), or for the glossopharyngeal (IX) 
nerve (Kirton 1983; Kear 2005). The ventral surface 
of the stapes forms prominent process for the contact 
with the medial lamella of the pterygoid (Fig. 3F, G, 
I). The hyoid process is large (Fig. 3F, H). The sta- 
pedial shaft is thick with its distal extremity twisted 
dorsally approximately 30° relative to the head (Fig. 
3F-H). The anterolateral surface of the stapedial 
shaft is deeply pitted and elongated-oval in outline 


(Fig. 3J). 
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The exoccipitals (Fig. 3A—C) preserved in natu- 
ral articulation with the basioccipital. The right one 
is better preserved. In posterior view, the exoccipital 
is wide and squat, and its medial and lateral borders 
are concave (Fig. 3A). The dorsal surface of the ex- 
occipital is slightly convex and bears teardrop-shape 
facet for the supraoccipital (Fig. 3B). The anterior 
process at the base of the exoccipital is strongly re- 
duced. The hypoglossal foramina are not observable. 
Probably XII nerve was excluded from the exooc- 
cipital (Fig. 3C). 

The mandible is presented by three fragments of 
the left ramus. The posterior part of the ramus is 118 
mm in height, and, probably, has been located under 
the naris and eye. It is formed by the articulated frag- 
ments of the most posterior part of the dentary and 
anterior parts of the angular and surangular (Fig. 2C, 
D). On the lateral side of the other two fragments 
belonging to the dentary the deep and narrow fossa 
dentalis turning into a series of perforations in the 
most rostral part of the dentary is clearly seen. 

Dentition (Fig. 4). Ten teeth anchored in the den- 
tal groove of the maxilla. They are damaged in vary- 
ing degrees; two of them are the young replacement 
teeth and located in the resorption pits at the bases 
of the mature teeth (Fig. 4B, C). Teeth are strong. 





Fig. 4. Teeth of Grendelius alekseevi YKM 56702: A — reconstruc- 
tion; B — crone of young replacement tooth; C — section of a tooth 
with young replacement one, located in the resorption pit. Abbre- 
viations: cr — crown; yrt — young replacement tooth. 
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Fig. 5. Atlas-axis complex of Grendelius alekseevi Y KM 56702 in anterior (A), right lateral (B) and posterior (C) wiews. Abbreviations: 


d - diapophysis; fna — facet for neural arch; par — paraporhysis. 


The conical crowns bear prominent apicobasal 
ridges, which located at a considerable distance from 
each other. Below the crowns, there are smooth inset 
rings of acellular cementum. The roots are quadran- 
gular in cross-section, slightly swollen and expand- 
ing downwards. 

Axial skeleton. Centra. A series of 59 vertebrae 
is preserved; a large part of the presacral vertebrae 
are in a natural articulation. The vertebral column is 
poorly regionalized, posterior dorsal-anterior caudal 
centra ratio is less than 3.5 (criteria according to 
Maxwell [2010]). 

The atlas and axis are fused without any visible 
suture; they are slightly narrowed ventrally (Fig. 5A, 
B). The ventral surface of the atlas-axis complex is 
rounded. The anterior surface of the atlas is less con- 
cave than the posterior surface of the axis. The facet 
for atlantial intercentrum is slightly prominent and 
shifted ventrally (Fig. 5A). The torus-like diapophy- 
ses are confluent with the facets of the neural arches, 
directed obliquely anteroventrally. The parapophy- 
ses are rounded in outline; their articular surfaces 
are excavated. On the axis, they located right on the 
posterior edge of the bone. 

The anterior presacral centra are rounded in 
cross-section. Here the parapophyses have a rounded 
shape; the diapophyses are confluent with the facets 
for the neural arches. The diapophyses begin to sepa- 
rate from the neural arches in the 25th vertebra and 
abruptly descend in the ventral direction. They have 
shifted halfway down at the 33rd centrum. 


The posterior dorsal vertebrae are narrowed 
dorsally; therefore, they have a pear-like outline in 
anterior view. Shape of the anterior caudal centra 
is also pear-like, becoming rounded at the posterior 
caudal centra. 

Neural arches (Fig. 6). The neural arches are pre- 
served in the articulation with most of the presacral 
vertebrae. There are several caudal neural arches, 
which were separated from the centra in situ due to 
taphonomical conditions (Arkhangelsky et al. 2000). 
In total, there are 45 neural arches. The neural spines 
quickly reach a maximum height exceeding the height 
of the centra in 1.3 times. Gradual decrease in height, 
along with the increase of the angle of posterior 
inclination of the spines begins from near the 23rd 
vertebra. The anterior spines are more slender than 
posterior, which is a characteristic feature of ichthyo- 
saurs (McGowan and Motani 2003). The anterior 
presacral neural arches are characterized by the verti- 
cally directed (parallel to the centra) spines, wherein 
the angle of the spine with the anterior zygapophysal 
surface is 135—140" (Fig. 6). This angle increases 
in the more caudally located arches until reaching 
approximately 180* at the 28th vertebra. Here the 
adjacent dorsal ends of the spines are oriented in a 
way that anterior angle of each of the spine is located 
higher than the posterior angle of the previous. 

The pedicles of the neural arches are low. Ven- 
trally they expand in the anteroposterior direction. 

The dorsal surfaces of the presacral spines are 
concave and tuberous for the application of a car- 
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Fig. 6. Neural arches of Grendelius alekseevi YKM 56702. Ab- 
breviations: az — anterior zygapophysis; cp — columnar pedicles; 
ns — neural spine; pz — posterior zygapophysis. 


tilaginous cap (Fig. 6). The dorsal surfaces of the 
caudal spines are rounded and ossified. 

Ribs. Fifty-six ribs of varying preservation are 
presented in YKM 56702, mainly relating to the left 
side of the trunk. The length of the best-preserved and 
longest one is 700 mm. The furrows extend from the 
capitulum and the tuberculum in ventral direction 
giving the rib 8-shaped cross-section in proximal two- 
thirds of its length; distally the rib is oval in cross- 
section. The articulated surfaces of the capitulum and 
tuberculum in the anterior trunk ribs are convex; they 
divided by the shallow notch. The articulated surfaces 
of the heads of the posterior dorsal ribs are flat; the 
tuberculum extends far medially than the capitulum, 
the notch between them becomes deeper. 

Pectoral girdle (Fig. 7). The bones of the pecto- 
ral girdle are completely preserved. Coracoid (Fig. 
7K-N). The coracoid is robust, roughly circular, with 
a prominent anterior notch (Fig. 7L, N). Its dorsal 
and ventral surfaces are saddle-shaped. The medial 
articular surface is lenticular in medial view (Fig. 
7M). In situ the bones were in a natural articulation 
(Arkhangelsky et al. 2000). The glenoid and the scap- 
ular facets are facing anterolaterally and forming an 
angle about 165*. The scapular facet is deeply pitted 
triangle in outline, which is not markedly separated 
from the large, lenticular glenoid contribution. The 
anterior notch is relatively narrow and deep. The an- 
terior process of the coracoid is well developed. The 
posterior border of the coracoid is strongly flattened, 
gradually curving dorsally. 
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Scapula (Fig. 7A—F). The scapular shaft is thick 
and rod-like. It slightly arcuately curves in dorso- 
posterior direction (Fig. 7A—E). The shaft is subtri- 
angular in cross-section at its midpoint, but becomes 
more oval distally and finally flattens immediately 
in the markedly anteroposteriorly expanded dorsal 
end (Fig. 7B). The scapular dorsal border is rugose 
indicating presence of an unossified cartilaginous 
elongation in vivo. The ventral margin of the scapula 
gradually expands anteroposteriorly. A large acromial 
process curves ventrally giving to the ventral margin 
of the scapula an 'S'-shaped form (Fig. 7A—G). The 
coracoid facet is triangular and continuous with sub- 
equal in length glenoid contribution (Fig. 7F, G). 

Clavicle. The clavicle is robust. Its medial end 
is broad and flattened, lateral parts are smoothly 
bended posterodorsally. Its pointed end is circular in 
cross-section, being over a third of the length of the 
clavicle it gently articulates with the anterior border 
of the scapula. Right clavicle in its middle part bears 
a lump-like nodosity — trace of an in vivo healed frac- 
ture (Arkhangelsky 2001; Stepanov et al. 2004). 

Interclavicle (Fig. 7H, I, J). The interclavicle is 
robust element. The anterior transverse bar of the 
interclavicle is convex, with a low wall, its lateral 
extremities extend posterodorsally and sharpened. 
The ventral and anterior surfaces are divided by the 
shaft, which forms in the middle a slightly pointed 
knob with posteriorly directed bur (Fig. 71). The 
posterior median stem of the interclavicle is strongly 
shortened, flattened and expanded, its posterior edge 
is rounded (Fig. 7). 

Forefins (Fig 8). The both forelimbs are preserved 
articulated in situ. During excavation, the ele- 
ments were plotted on tracing paper and numbered 
(Arkhangelsky et al. 2000). 

Humerus (Fig. 9). The proximal end of the humer- 
us is strongly expanded and its distal end is flattened. 
Proximal end is roughly trapezoidal in cross-section; 
its surface is slightly convex and nodular (Fig 9D). 
Humeral torsion is absent. The prominent plate-like 
dorsal process extends obliquely forward towards the 
front edge of radial facet up to the level of diaphysis 
(Fig. 9A, C). The robust and triangle deltopectoral 
crest is located in ventral surface (Fig. 9A). The 
posterior edge of the humerus is blade-like flattened 
along the entire length. This condition causes keel- 
like protrusion of the posterior edge of the proximal 
part of the humerus (Fig 9B, D). The distal end of the 
humerus bears four facets: for radius, intermedium, 
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Fig. 7. Pectoral girdle of Grendelius alekseevi YKM 56702. A-C, G — right scapula in lateroventral (A), anterior (B), dorsomedial (C) 
views and its medial surface (G); D-F - left scapula in lateroventral (D) and dorsomedial (E) views and its medial surface (F); H, I, 
J -interclavicle in dorsal (H) posteroventral (T) and ventral (J) views; K — lateral surface of left coracoid; L — right coracoid in ventral view; 
M - left coracoid in medial view; N — left coracoid in dorsal view. Abbreviations: acr — acromion process; an — anterior notch; ap — antero- 
medial process; atb — anterior transverse bar; fgl — glenoid contribution of the scapula; fcor — coracoidal facet; fin — intercoracoidal facet; 
glf — glenoid contribution of the coracoid; pb — posterior border; pms posterior median stem; sb — scapular dorsal border ; scf — scapular facet. 
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Fig. 8. Forefins of Grendelius alekseevi YKM 56702. Photograph and interpretive outline of the left (A, B) and right (C, D) forefins in 
dorsal view. Abbreviations: 2-5 — metacarpals; d2—d4 — distal carpals 2—4; c — neomorphic ossicles convergent to centralia; e — first ele- 
ment of the anterior accessory digit; H — humerus; i — intermedium; n — neomorph; pi — pisiform; R — radius; r — radiale; td — trochanter 





dorsalis; U — ulna; u — ulnare; * — interstitial digit. 


ulna and posterior neomorph. The angle between 
radial and intermedial facets is 130^, between inter- 
medial and ulnar facets — 135^. Thus, radial facet is 
facing anterodistally and ulnar facet facing postero- 
distally (Figs. 8, 9A). 

Epipodium (Figs. 8, 9A-C). The epipodium is 
composed of four elements: radius, ulna, intermedium 
and posterior neomorphic ossicle. 

The radius is roughly pentagonal in outlines, ta- 
pering anteriorly and forming a keel. Anteriodistally 
it contacts with the first element of the anterior ac- 
cessory digit, distally with the radiale, medially with 
the intermedium. 

The ulna is isometric and pentagonal in outline. 
Medially it contacts with the intermedium, distally — 
with the ulnare, posterodistally with the pisiform, 
posterally with the posterior neomorph. 

The intermedium is approximately hexagonal 
in outline. Proximally, it contacts the humerus, an- 
teroproximally, the radius, posteroproximally, the 
ulna. Anterodistally, the intermedium possess small 
contact with the radiale and derivates the neomor- 
phic elements convergent to centralia (see remarks). 
Distally, the intermedium contacts the distal carpal 
three, and posterodistally — ulnare. 


The radius, ulna and intermedium have approxi- 
mately the same size. They rapidly narrow distally so 
that their proximal surfaces are twice wider than the 
distal ones. 

The posterior neomorph is isosceles trapezoid in 
outline. It is strongly flattened and its posterior edge 
continues sharpened posterior edge of the humerus. 
The bone bears three facets: triangular distal facet 
for the pisiform, rectangular anterodistal for the ulna 
and anteroproximal for the humerus. 

Autopodium (Fig. 8). The radiale bears the follow- 
ing facets: the anterodistal facet for the first phalanx 
of the preaxial accessory digit, distal facet for the dis- 
tal carpal 2, anteroproximal facet for the first element 
of the preaxial accessory digit, posterial facet for the 
neomorphic element and intermedium. The ulnare 
bears the following facets. The anterodistal facet for 
the distal carpal 3, proximal facet for the ulna, pos- 
teroproximal facet for the pisiform, anteroproximal 
facet for the intermedium, posterodistal facet for the 
metacarpal 5, distal facet for the distal carpal 4. 

The epipodial and autopodial elements are po- 
lygonal with rounded corners; most distal elements 
are rounded indicating a large amount of cartilage in 
the space between them. The epipodial to autopodial 
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Fig. 9. Right humerus and epipodium of Grendelius alekseevi YKM 56702 in ventral (A), posterior (B), anterior (C) and proximal (D) 
views. Abbreviations: ae — anterior edge; dpc — deltopectoral crest; pe — posterior edge. For other abbreviations, see Fig. 8. 


elements are flattened and plate-like. Their thickness 
does not exceed 8 mm. 

The digits are short; the greatest number of 
phalanges is eight. There are two preaxial accessory 
digits. The digit 3 is bifurcating at the level of the 
phalanx 3, additional ossification presents at the level 
of its metacarpal and the phalanx 1. 

Comparison. Being a basal platypterygiine, Gren- 
delius alekseevi shares a number of common ophthal- 
mosaurine features. The ‘C’-shaped quadrate, having 
markedly expanded dorsal and ventral extremities, 
resembles the one of ophthalmosaurine ichthyosaurs 
and Sveltonectes insolitus (Andrews 1910; Kirton 
1983; Fischer et al. 2011, 2012). The anterior process 
at the base of the exoccipital is strongly reduced as 
in Sveltonectes insolitus (Fischer et al. 2011). The 
rounded ventral surface of the atlas-axis complex 
differs from those of derived platypterygiines (Broili 
1907; Wade 1990; Maxwell and Kear 2010), in which 


it is laterally limited by the depressions. The condi- 
tion of the anterior surface of the atlas less concave 
than the posterior surface of the axis is unusual for 
ichthyosaurs (McGowan and Motani 2003); this 
condition could cause the restriction of head move- 
ments. The diapophyses separation from the neural 
arches in the 25th vertebra and shift halfway down 
at the 33rd centrum is a condition consistent with 
Ophthalmosaurus (Kirton, 1983). In general out- 
line the coracoid of G. alekseevi is similar to that of 
Undorosaurus (Efimov 1999b), having the posterior 
part mediolaterally longer than the anterior part. 
Its dorsal and ventral surfaces are saddle-shaped as 
in some ophthalmosaurine ichthyosaurs (Andrews 
1910; Fischer et al. 2012).Relatively narrow and 
deep anterior notch of the coracoid is similar to that 
of Sveltonectes (Fischer et al. 2011). The medial por- 
tion of the scapula is less expanded than in G. pseu- 
doscythicus (Efimov 1998). The thick and rod-like 
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scapular shaft was also described for P. hercynicus 
(Kolb and Sander, 2009). 

Grendelius alekseevi differs from the congeners 
by flattened humerus with diminished torsion, pres- 
ence of two preaxial accessory digits, neomorphic 
centralia and additional neomorphic postaxial ossicle 
contacting the humerus. The deltopectoral crest is 
similar to that of Ophthalmosaurus (Andrews 1910; 
McGowan and Motani 2003). It is not flattened like 
in platypterygiines (McGowan and Motani 2003; 
Fischer et al. 20142). 

The flattened epipodial to autopodial elements 
is typical condition for the Early Jurassic forms 
e.g. Temnodontosaurus, Stenopterygius (Maisch and 
Matzke 2000) and uncommon for Ophthtalmosauri- 
dae (Fischer et al. 2011). In G. alekseevi, autopodial 
elements has probably thinned repeatedly and inde- 
pendently as an autapomorphy. 

Remarks. Both forefins of YKM 56702 possess 
neomorphic ossicles, located anterodistally to the in- 
termedium. In the reptilian forelimb, the intermedium 
bifurcates to form the condensations of the centralia 
2 and 3, according to the provisions of limb pattern- 
ing as a hierarchical sequence of "branching" events 
(Shubin and Alberch 1986). Thus, it is most likely 
that neomorphic ossicles observed in YKM 56702 are 
convergent to the centralia. In that case, it is the first 
record of the centralia in Ophthalmosauridae. How- 
ever, centralia were reported for basal Ichthyosauro- 
morpha Motani et al., 2014 — hupesuchians (Carrol 
and Dong 1991; Chen et al. 2014) and Chaohusaurus 
Young et Dong, 1972 (Motani et al., 2015). 

Unfortunately, at the present time, some parts of 
the skeleton: clavicles, ribs, part of the caudal ver- 
tebrae and some fragments of the skull (incomplete 
jugals and postorbitals, strongly deformed fragments 
of the skull roof, supraocipital, fragments of the lower 
and upper jaws, noted by Arkhangelsky (2001), are 
on the restoration, on account of progressive pyrite 
decay. Therefore, they could not be photographed. 
Traces of pyrite decay begin to appear on the exam- 
ined material, they can be seen on some figures as a 
white plaque, thus it is also necessary to carry out the 
restoration of these bones in the near future. 


Grendelius zhuravlevi (Arkhangelsky, 1998), 
comb. nov. 


Brachypterygius zhuravlevi: Arkhangelsky, 1998: 90, fig. 4. 
Otschevia zhuravlevi: Pervushov et al., 1999: 27; Arkhan- 
gelsky, 2000: 79, figs. 1, 2; 2008: 252, fig. 6. 
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Brachypterygius pseudoscythius: Maisch and Matzke, 2000: 
79; Maisch, 2010: 167. 

Brachypterygius extremus: McGowan and Motani, 2003: 
117. 


Holotype. PIN 426/60—76 left humerus with the 
elements of the epipodium and autopodium; Sara- 
tov Province, Krasnopartizansky District, Gornyi 
settlement, Savelevskii Shale Mine; Upper Jurassic, 
Middle Volgian, Dorsoplanites panderi zone. 

Reffered specimen. SRM Hb 30192, mounted 
skeleton: fragmentary lower jaw, incomplete vertebral 
column, fragmentary ribs, humerus, elements of epi- 
podium and autopodium, left femur; Russia, Samara 
Province, Syzran District, Kashpirskoe Pyroshale 
Field (Mine Ne 3); Upper Jurassic, Middle Volgian 
substage, lower part of Dorsoplanites panderi zone. 

Diagnosis. Modified from Arkhangelsky (1998, 
2000). Changes listed below: a medium-sized platyp- 
terygiine ichthyosaurs, characterized by the follow- 
ing unique combination of features: posterior edge of 
the humerus is machete-like in outline, being strong- 
ly flattened all along its length; autopodial elements 
are thick and brick-like; ulna is trapezoid in outline, 
bearing a facet for the pisiform all along the posterior 
edge; prominent muscular tubercle on dorsal border 
of the ulnar facet of the humerus. 

Description. Measurements of SRM Hb 30192 
are given in Table 2. 

Skull. Several cranial fragments are preserved 
including fragmentary nasal, surangular and dentary, 
which allow providing the following observations. 
The tapering anterior extremities of the nasal run 
concealed beneath the premaxilla anteriorly for 
about 20 cm. The low coronoid process is raised on 
the dorsal edge of preserved part of the surangular. 

Axial skeleton. There are 40 vertebral centra in 
the examined material. The anterior dorsal verte- 
brae (17 centra preserved) are tapered ventrally and 
characterized by confluence of the diapophyses with 
the facets for the neural arches. The diapophyses 
are semi-rhomboid in outline. The parapophyses are 
quadrangular and barely separated from the anterior 
edge of the centrum on the anterior most vertebrae 
and gradually detached from it in more cadually 
located trunk centra. The posterior trunk centra 
(14 centra preserved), compared with preceding are 
slightly expanded ventrally and tapered dorsally. 
Their diapophyses are from rectangular to circular 
in outline, fusing with the anterior border in some 
centra. The parapophyses are rounded. The rib facets 
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Table 2. Measurements (mm) of the propodial bones of Grendelius alekseevi (YKM 56702), Grendelius zhuravlevi (SRM Hb 30192) and 


Platypterygiinae gen. et sp. indet. (SGM 1566). 




















Width 
Bone Length Mesurements 
proximalend ^ distalend diaphysis 
Left humerus radial facet — 47; ulnar facet — 40; facet for intermedium — 30; 
YKM 56702 154 10% n 85 for neomorph — 10 
Right humerus 148 120 100 80 radial facet — 48; ulnar facet — 50; facet for intermedium — 15; 
SGM 1566 á , : 
Humerus ; ; — A0- ! mim - 
SRM Hb 30192 124 98 93 63 radial facet — 37; ulnar facet — 40; facet for intermedium — 27 
Femur m vs 7 
SRM Hb 30192 82 48 56 37 tibial facet — 21; fibular facet — 32 





are located below the mid-height on the preserved 
posterior trunk vertebra. The posterior dorsal — an- 
terior caudal centra are long, indicating poor region- 
alization of the vertebral column. The anterior caudal 
centra are pear-shaped in outline tapering dorsally. 
They bear single rounded rib facets. The posterior 
caudal vertebrae (four centra preserved) are rounded 
bearing relatively large squared rib facets on their 
ventrolateral parts. 

Forefins (Fig 10, 17E). Humerus (Fig 10A—F). 
Both the left and right humeri are preserved in SRM 
Hb 30192. Left humerus is better preserved; in gen- 
eral proportions, it resembles that of the holotype. In 
proximal view, the humerus has machete-like outline 
(Fig. 10F). Humeral ‘torsion’ is prominent: the long 
axes of the proximal and distal ends of the humerus 
are twisted at an angle of 50° in SRM Hb 30192 (70° 
in the holotype). Posterior edge of the humerus is 
strongly flattened all along its length (Fig. 10D). The 
ventral surface of the humerus is slightly concave all 
along the bone length (Fig. 10B). The trochanter 
dorsalis is prominent and plate-like. It extends up 
to the half of the length of the humerus, from the 
proximal posterior towards the distal anterior (Fig. 
10A). The deltopectoral crest in SRM Hb 30192 is 
poorly developed, its ventral protrusion is caused by 
humeral ‘torsion’ (Fig. 10B, C, F); in the holotype 
the deltopectoral crest is pointed and therefore more 
prominent. The muscular tubercles are pronounced 
on the dorsal and ventral surfaces near the ulnar 
facet in the holotype and only on dorsal surface in 
SRM Hb 30192 (Fig. 11). The humerus expands dis- 
tally bearing three deep and rugose distal facets (Fig. 


10E). The facets for articulation with the radius and 
ulna are semicircular in outline; the facet for articula- 
tion with the intermedium is parallelogram-shaped. 
The length of the facet for the intermedium on the 
humerus of SRM Hb 30192 is relatively increased, 
compared with the holotype. The radial forms 
angle 130* with respect to the ulnar facets in SRM 
Hb 30192 and 103° in the holotype. Thus, the ulnar 
facet is facing posterodistally and radial facet is fac- 
ing anterodistally. 

Epipodium (Fig. 10G—K). The epipodium is com- 
posed of three elements: radius, intermedium and 
ulna. 

The radius is roughly rectangular in outline; it 
contacts with the basal element of the preaxial aces- 
sory digit anterodistally, with the radiale distally and 
with intermedium posteriorly. The intermedium is 
hexagonal in outline, it contacts with the radius an- 
teroproximally, with the ulna posteroproximally, with 
the radiale anterodistally, with the ulnare posterdis- 
tally, and bears a flat broad surface for the contact 
with distal carpal 3 distally. The ulna is trapezoid in 
outline contacting with the intermedium medially, 
with the ulnare distally. The posterior edge of the 
ulna is narrowed; it bears a deep furrow all along its 
length — facet for the pisiform. The epipodial elements 
are greatly expanded proximally. Their proximal 
surfaces are rugose and slightly convex. Epipodial to 
autopodial elements are strongly thickened. 

Autopodium (Fig. 10L—O). Eight autopodial 
elements are preserved. They are hexagonal and 
brick-like, with the thickness exceeding their height 
(Fig. 10N, O). Some of the autopodial elements bear 
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Fig. 10. Elements of the right forelimb of Grendelius zhuravlevi SRM Hb 30192: A-F — right humerus in dorsal (A), ventral (B), anterior 
(C), posterior (D), distal (E) and proximal (F) views; G, H — radius in ventral and anterior views; I, J — ulna in dorsal and posterior views; 
K - intermedium in dorsal view; L-O — autopodial elements. Abbreviations: fe — facet for the first element of the anterior accessory digit; 
fi — intermedial facet; fiR — facet of intermedium for radius; fiU — facet of intermedium for ulna; fp — facet for pisiform; fR — radial facet; 
fU — ulnar facet; for other abbreviations see Figs. 8 and 9. 
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Fig. 11. Muscular tubercle on the dorsal surface of the humerus of 
Grendelius zhuravlevi SRM Hb 30192. 
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notches on their dorsal and ventral borders (Fig. 
10M, O). Two of these elements were identified as the 
radiale and ulnare. 

Femur. We follow the orientation of the femur of 
ophthalmosaurids proposed by Maxwell et al., (2012). 
The right femur is preserved. In proximal view, the 
femur has a triangular outline (Fig. 12F). The promi- 
nent ventral process lies close to the anterior edge of 
the femur, it extends approximately 2/5 of the length 
of the femur (Fig. 12A, C). The substantial part of 
its surface is rugose — it was covered by cartilage in 
vivo. The dorsal process is situated closer to the ante- 
rior edge of the femur; it is narrower and less robust 
than the ventral process (Fig. 12B, C). The anterior 
surface of the femur is concave proximally. The pos- 
terior surface is convex all along its length, forming 
the posterior keel (Fig. 12D). The two distal facets 
are markedly concave. The anterior distal facet for 
articulation with the tibia is twice smaller than the 
posterior fibular facet. The tibial facet forms a more 
acute angle with respect to the long axis of the femur, 
than does the fibular facet. 


C D 





tif 


50 mm 





Fig. 12. Right femur of Grendelius zhuravlevi SRM Hb 30192 in ventral (A), dorsal (B), anterior (C), posterior (D), distal (E) and proxi- 
mal (F) views. Abbreviations: dp — dorsal process; fif — fibular facet; pk — posterior keel; tif — tibial facet; vp — ventral process. 
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Comparison. The main difference of Grendelius 
zhuravlevi from its congeners is strongly dorsoven- 
trally flattened proximal end of the humerus and 
prominent humeral torsion (similarity with Brachyp- 
terygius). The trapezoidal outline of the ulna (pen- 
tagonal in all other ophthalmosaurids) is also unique 
for this species. The ulna is trapezoidal due to long 
posterior facet for the pisiform, faced posterodistally 
in other Grendelius species. Tightly packed rectan- 
gular phalanges with dorsal and ventral notches are 
similar to Brachypterygius and derived platyptery- 
giines (Kirton 1983; Maxwell and Kear 2010). The 
configuration of the distal facets of the femur in 
Grendelius zhuravlevi is uncommon for ichthyosaurs: 
the tibial facet forms a more acute angle with respect 
to the long axis of the femur, than the fibular facet. In 
Ichthyosauria, tibial facet usually exceeds in size the 
fibular facet and forms a right angle in respect to the 
long axis of the femur (Maxwell et al. 2012). 

Remarks. The basioccipital mentioned in the ma- 
terial by Arkhangelsky (2000) is now absent. Several 
autopodial elements are also gone. 


Platypterygiinae gen. et sp. indet. 


Material - SGM 1445-1, the atlas-axis complex 
and four presacral centra, right coracoid and partial 
right forefin; unknown locality, Middle Volgian 
(probably Dorsoplanites panderi zone), according to 
micropaleontological analyzes of the matrix. 

Description. Measurements of SGM 1445-1 and 
SGM 1566 are given in Table 3. 

Axial skeleton. 'The atlas and axis are fused with a 
prominent ventral scar, forming a ventral protrusion 
(Fig. 13B). The vertebrae are tapered ventrally. The 
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Table 3. Measurements (mm) of Platypterygiinae gen. et sp. 
indet. SGM 1445-01 and SGM 1566. 








Bone Length Width Height Additional 
mesurements 
atlas-axis 65 105 90 H 
i medial scf — 40; 
coracoid = 175 Peur WT 





facet for the atlantal intercentrum is broad and low, 
shifted to the ventral edge of the centrum. The ven- 
tral keel is poorly prominent on the ventral surface 
of the atlas originating on the axis. The atlas bears 
a flat tuberous anterior articular surface for the ba- 
sioccipital radically different from a deeply concave 
posterior surface of the axis. The diapophyses and 
parapophyses on the atlas are completely fused to- 
gether and with the facet for the atlantal neural arch 
forming a broad bumpy surface with sinusoidally 
curving posterior. The facets for the neural arches 
on the atlas are turned slightly anteriorly and deep. 
The axial diapophyses are confluent with the facets 
of the neural arches and posterior borders of the at- 
lantal diapophyses. They are elliptical in outlines and 
directed anteroventrally. The axial parapophyses are 
rounded, locating in the middle of the central length, 
and not fusing its posterior edge. On the right side 
of the axis, two facets similar in size and shape are 
present. One of them is parapophysis and the second 
is of unclear function, and can be interpreted as an 
anomaly. 

The first four anterior dorsal vertebrae have dif- 
ferent degrees of preservation. The third vertebra is 
better preserved. It is cordate-shaped. The diapophy- 
ses are wide and confluent with the facets for the 





Fig. 13. Atlas-axis complex of SGM 1445-1 in anterior (A), left lateral (B), posterior (C) and right lateral (D) views. Abbreviations: d — 
diapophysis; fi — facet for atlantal intercentrum; fna — facet for neural arch; nc — floor of neural canal; par — parapophysis; ? — indeterminate 


rib facet. 
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Fig. 14. Right coracoid of SGM 1566 in ventral (A); medial (B); dorsal (C) and lateral (D) views. For abbreviations see Fig. 7. 


neural arch and anterior edge of the centrum. The 
parapophyses are rounded and located closer to the 
anterior edge of the centrum. 

Coracoid (Fig. 14). The pectoral girdle is repre- 
sented by the right coracoid with broken anterior 
process and posterior border. The anterior notch is 
narrow. The medial articular surface is lenticular in 
medial view (Fig. 14B). The dorsal surface of the 
bone is saddle-shaped; the ventral surface is relatively 
flat (Fig. 14A, C). The preserved part of the posterior 
border is curving dorsally (Fig. 14C). The glenoid 
and the scapular facets are broad facing anterolater- 
ally and forming angle about 150?. They are deeply 
pitted and poorly separated from each other. The 
scapular facet is triangular in outline, the glenoid 
contribution is lenticular and swollen (Fig. 14D). 

Forefin. Humerus (Fig. 15A—F). The preserved 
right humerus is partially broken. The posterior 
edge of the humerus is slightly tapered all along its 
length (Fig. 15C). The proximal end is semi-oval in 
outlines due to the wide and strongly developed tro- 
chanter dorsalis and deltopectoral crest (Fig. 15E). 
The prominent humeral 'torsion' is present: the long 
axes of the proximal and distal ends of the humerus 
are twisted at an angle of 70^. The humeral torsion is 
caused by dorsoventral prolongation of the develop- 
ment of both dorsal process and deltopectoral crest. 
The dorsal process is robust, plate-like, extending up 
to the half of the length of the humerus (Fig. 15A, 
C). The deltopectoral crest is large and strongly de- 
veloped (Fig. 15B, D). There are three distal facets. 
The facets are semi-circular, faced anterodistally and 
posterodistally for the radius and ulna respectively. 


The narrowest facet, located between them, is for the 
contact with the intermedium (Fig. 15F). The angle 
between the radial and ulnar facets is 115°. 
Epipodium and autopodium (Fig. 15G-O). 
The radius, ulna and six autopodial elements are 
preserved. The radius is semi-pentagonal in outline, 
with distal facet for the radiale, anterodistal facet for 
the first element of the anterior additional digit and 
posterior facet for the intermedium (Fig. 15H). Its 
proximal surface for the articulation with the humer- 
us is flat. The ulna is posteriorly broken (Fig. 15G). 
Its preserved anterior part suggests that it was longer 
than the radius. The proximal autopodial elements 
are thickened and brick-like with slightly rounded 
corners (Fig. 151-M). The most distal autopodial 
elements are rounded in outline (Fig. 15N, O). 
Comparison. The above-described remains could 
be identified only as Platypterygiinae gen. et sp. 
indet., however, they combine both primitive and de- 
rived features. The facet for the atlantal intercentrum 
in SGM 1445-1 is wide and low as in Grendelius alek- 
seevi. The anterior surface of the atlas is tuberose and 
slightly concave, whereas the axial posterior surface 
is deeply concave. This feature is presented in Gren- 
delius alekseevi, but less pronounced. The posterior 
edge of the humerus SGM 1554-01-11 is slightly 
tapered posteriorly all along its length, differing from 
strongly flattened edge of Grendelius (Fig. 15C). The 
humeral ‘torsion’ is caused by dorsoventral prolonga- 
tion of the development of both dorsal process and 
deltopectoral crest as in Sveltonectes and Platypter- 
ygius (Wade 1984; McGowan and Motani 2003; Kolb 
and Sander 2009; Fischer et al. 2011) and unlike 
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Fig. 15. Humerus and epipodium of SGM 1566: A-F — right humerus in dorsal (A), ventral (B), posterior (C), anterior (D), proximal (E) 
and distal (F) views; G — ulna in dorsal view; H — radius in dorsal view; elements of proximal (I-M) and distal (N, O) autopodium. For 
abbreviations, see Figs. 8 and 10. 


Grendelius zhuravlevi and Brachypterygius extremus 
where humeral 'torsion' is obtained by twisting of the 
distal and proximal ends. 

Remarks. Two triangle bite marks were partially 
cleared of filling sandstone on the dorsal surface of the 
humerus SGM 1566 (Fig. 16). The distance between 
them is 30 mm. Their parameters are: length 15 and 
12 mm, width 6 and 5 mm. Both marks are oriented 
in the same direction. Judging from the shape of the 
marks and the distance between them, we assume that 
the bite could be inflicted by a medium-sized pliosaur. 
Triangular cross-sectioned tooth crowns are common 
for Late Jurassic pliosaurs (Tarlo 1960; Taylor and 
Cruickshank 1993; Kunsten 2012; Benson et al. 2013). 
Any traces of tissue regeneration are absent; this may 
indicate that the bites were inflicted during the dead- 
ly attack, or posthumously, during the exposure of a a 
corpse. Predators of the higher levels in the Mesozoic Fig. 16. Bite marks on the dorsal surface of the humerus SGM 
seas besides hunting could also eat a floating carrion. 1566. 
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Unfortunately, traces of a predation frequently cannot 
be distinguished from bite marks of a scavengering 
(Schwimmer et al. 1997). Unequivocal evidence for 
plesiosaur scavenging on floating corpses comes from 
stomach contents including dinosaurs (Taylor et al. 
1993) and pterosaurs (Brown 1904). Non-fatal trau- 
mas clearly indicate hunting behavior (Zammit and 
Kear 2011). However, deathly bite marks are more 
common (Andrews 1910; Clarke and Etches 1992; 
Thulborn and Turner 1993; Martill 1996). 


DISCUSSION 


Recent data demonstrated, that presence of three 
distal humeral facets, one of which is for articula- 
tion with the intermedium, is not autapomorphic 
for the genus Brachypterygius, as it appears in other 
distinct genera: Aegirosaurus from the Tithonian 
of Germany and Maiaspondylus from the Albian of 
Canada (Bardet and Fernandez 2000; Maxwell and 
Caldwell 2006). As such, the synonymisation of the 
genera Grendelius and Brachypterygius (Maisch and 
Matzke 2000; McGowan and Motani 2003; Maisch 
2010) should be critically re-evaluated, with detailed 
morphological comparison of all the elements of the 
paddle. 

The holotype of Brachypterygius | extremus 
NHMUK R317 is an associated forefin embedded in 
clay matrix. It was originally described as Ichthyosau- 
rus extremus Boulenger, 1904. As noted herein, the 
precise locality and stratigraphic level of the speci- 
men are unknown. In 1986, Delair revealed the exis- 
tence of a complete left forelimb in matrix WESTM 
78/219 "which, apart from coming from the opposite 
side of the body, is identical in virtually every respect 
with NHMUK R3177" (Delair 1986: 131). Next year 
he described BNSS 0006 as a right forefin (which we 
regard as a hindfin), noting that the museum data on 
this specimen may be inaccurate (Delair 1987). 

At the moment we tend to assume that all the 
three specimens (limbs) are most likely representing 
Brachypterygius extremus, moreover both of the fore- 
limbs, probably, belong to the same individual, as it 
was noted by Delair (1986). We suppose that there 
is a possibility that the hind paddle BNSS 0006 can 
also belong to the same individual. This suggestion is 
confirmed by a number of morphological and tapho- 
nomical features present in all three specimens. Mor- 
phological features include protruding far anteriorly 
anterodistal edge of the propodial bones, almost form- 
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ing a contact with the first element of the anterior 
accessory digit and rectangular, brick-like proximal 
autopodial elements possessing small notches on their 
ventral and dorsal borders. Taphonomical features 
include a sagging in the center of the autopodial ele- 
ments and deformed, cracked by lithostatic pressure, 
posterior edges of the propodial bones. 

There is a possibility that R. Damon originally 
obtained ichthyosaurian remains and, in his capacity 
as a fossil dealer, subsequently sold them separately 
to different buyers. In addition, our hypothesis is 
indirectly confirmed by similar style of preparation 
of all the specimens: bones are lying on the surface of 
clay matrix; entire specimen is fixed on the perimeter 
with wooden frames. 

Phylogenetic analysis. The heuristic search re- 
sulted in two most parsimonious trees with a length of 
134 steps, a consistency index of 0.52 and a retention 
index of 0.65. A strict consensus revealed two mono- 
phyletic groups, Platypterygiinae and Ophthalmo- 
saurinae, as in Fischer et al. (2012) (Fig. 17A). 

According to our analyses, Brachypterygius extre- 
mus and Grendelius mordax do not form a monophy- 
letic group. Grendelius (clade ‘G’) is recovered as the 
basal member of Platypterygiinae (Fig. 17, clade ‘P’) 
and Brachypterygius as a member of 'sveltonectine' 
clade (clade ‘S’) (Fischer et al., 2011). Separation 
of Brachypterygius fore and hind fins into two units 
collapses some nodes inside Ophthalmosauridae by 
forming a polytomy, but confirms the position of the 
forefins in ‘sveltonectine’ clade and premises hindfin 
in the platypterigiine clade. These results seem to be 
consistent with our assumption. 

The clade ‘G’ is supported by one unambiguous 
synapomorphy (character 6, state 1). The recovery of 
this clade, basal for Platypterygiinae (‘P’), including 
Grendelius mordax, G. pseudoscythicus, G. aleksevi 
and G. zhuravlevi is an argument in favour of syn- 
onymy of the genera Otschevia and Grendelius, what 
is confirmed by an almost identical morphology of 
the basicranium and dermatocranium in G. alekseevi 
and G. mordax. Some differences in the forefin archi- 
tecture leave a doubt: contact of the intermedium 
with distal carpals 3 and 4 in BRSMG Ce 16696 
(character 50, state 0), and only with distal carpal 3 
in G. pseudoscythicus, G. alekseevi and G. zhuravlevi 
(derived condition for character 50). The digital bi- 
furcation (character 53, state 1), supporting the clade 
with Russian species of Grendelius, is questionable 
due to absence of data on G. zhuravlevi. 
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Fig. 17. Strict consensus (A) ofthe two most parsimonious trees (B, C) indicating the phylogenetic position of Grendelius and Brachypte- 
rygius amongst Thunnosauria. Abbreviations: T - Thunnosauria; O — Ophthalmosauridae; A — Ophthalmosaurinae; P — Platypterygiinae; 
B - ‘ophthalmosaurini’ clade; C — ‘paraophthalmosaurini’ clade; G — Grendelius; D — non-’G’ platypterygiines; S — 'sveltonectine' clade. 
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Fig. 18. Forefins of some Late Jurassic platypterygiine ophthalmosaurids: A — Brachypterygius extremus WESTM 78/219, left, dorsal 
surface (modified from Delair, 1986); B — Grendelius mordax BRSMG Ce 16696, right, ventral surface (based on photo provided by B.C. 
Moon); C — Grendelius alekseevi YKM 56702, left, dorsal surface; D — Grendelius pseudoscythicus UPM 3/100 (modified from Efimov, 
1998); E — Grendelius zhuravlevi SRM Hb 30192, reconstruction, left, dorsal surface; F — Aegirosaurus leptospondylus, right, dorsal surface* 
(Bardet and Fernández, 2000); G — Grendelius sp. MJML K1747, left, ventral surface*. Images marked with an ‘*’ are mirrored for easier 


comparison. For abbreviations see Fig. 8. 


It is worthy mentioning the specimen MJML 
K1747, a partial skeleton of a young individual of 
Grendelius. This individual has a pectoral girdle and 
forefin architecture identical to Grendelius pseudos- 
cythicus (Fig. 18) and a cranium similar to G. mordax 
and G. alekseevi. Such combination of features may 
indicate the probability of abnormal limb develop- 
ment in BRSMG Ce 16696 with the ulnare shifting 
anteroproximally during ontogenesis. 

The derived platypterygiines (clade ‘D’) are sup- 
ported by three forelimb characters: a protruding 
triangular deltopectoral crest (character 38, state 1), 
posterior enlargement of the forefin (character 47, 
state 1) and tightly packed rectangular phalanges 
(character 52, state 1) 

In addition, it is worth to mention the division 
of Ophthalmosaurinae into two clades ‘Ophthalmo- 
saurini’ — ‘B’ and ‘Paraophthalmosaurini’ — ‘C’. The 
‘Ophthalmosaurini’ clade includes Ophthalmosaurus 
icenicus, O. natans and Acamptonectes densus. It 
is supported by three synapomorphies: elongated 
paraocipital process of the opisthotic (character 23, 
state 1), concave posterior surface of the ulna (char- 
acter 23, state 1) and latipinnate forefin architecture 
(character 49, state 1). The ‘Paraophthalmosaurini’ 
clade is supported by the two features: quadrangular 
shape of the root in cross-section (character 3, state 1) 
and presence of the contact of the intermedium with 
distal carpal 2 (character 3, state 1; unambiguous 
synapomorphy). 


In one of the parsimonious trees Arthropterygius 
appeared to be a basal ophthalmosaurine (Fig. 17B) 
contra Fischer et al. (2011—2013) and Roberts et al. 
(2014). Such a possibility is also evidenced by recent 
discoveries (Zverkov et al. 2015). 
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APPENDIX 1. Character-taxon matrix. Abbreviations: A: polymorphism for states 0 and 1; B, polymor- 
phism for states 0 and 2. 


Temnodontosaurus 
I. communis 

S. quadriscissus 
S. cayi 

A. chrisorum 

A. densus 

O. icenicus 

O. natans 

L. stellans 

M. periallus 

A. leptospondylus 
B. extremus 

S. insolitus 

C. bonapartei 

P. australis 

P. hercynicus 

M. lindoei 

A. bitumineus 

U. gorodischensis 
C. kristiansenae 
P. kabanovi 

P. saveljeviensis 
G. mordax 

G. pseudoscythicus 
G. alekseevi 


G. zhuravlevi 
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01120101101001?1?1?2?????212????010001010A100?101011000011001? 


586 N.G. Zverkov et al. 


APPENDIX 2. Description of characters used in the phylogenetic analysis. The characters are modified 
from those provided by Fischer et al. (2012, 2014a, 2014c) and the references therein. The characters 11, 
13, 24, 33, 35, 40, 49, 56 are modified from Arkhangelsky and Zverkov (2014; characters 52-54), Sander 
(2000; characters 10, 83, 93) and Roberts et al. (2014; characters 12, 25, 52). The New characters (7, 27) 
are indicated with an ‘*’. 


Crown striation: presence of deep longitudinal ridges (0); crown enamel subtly ridged or smooth (1). 

Base of enamel layer: poorly defined, invisible (0); well defined, precise (1). 

Shape of the root in cross-section in adults: rounded (0); quadrangular (1). 

Processus postpalatinis pterygoidei: absent (0); present (1). 

Maxilla anterior process: extending anteriorly as far as nasal or further anteriorly (0); reduced (1). 

Descending process of the nasal on the dorsal border of the nares: absent (0); present (1); contacts the 

maxilla, dividing the naris in two (regardless of the reduction of the anterior naris) (2). 

*Process of the nasal overlaps externally premaxilla no (0); yes (1). 

Processus narialis of the maxilla in lateral view: absent (0); present (1). 

Processus supranarialis of the premaxilla: present (0); absent or reduced (1). 

0. Processus narialis of the prefrontal: present (0); absent (1). 

1. Anterior margin of the jugal: tapering, running between lacrimal and maxilla (0); broad and fan-like, cover- 

ing large are of maxilla venterolaterally (1). 

12. Posterior margin of the jugal: articulates with the postorbital and quadratojugal (0); excluded from the 
quadratojugal by the postorbital (1) (Character 12 in Roberts et al. 2014). 

13. Lacrimale participation in the posterior border of the external nares: yes (0); no, lacrimale is excluded from 
the posterior border of the nares by maxilla (1). (Character 10 from Sander, 2000). 

14. Sagittal eminence: present (0); absent (1). 

15. Processus temporalis of the frontal: absent (0); present (1). 

16. Supratemporal-postorbital contact: absent (0); present (1). 

17. Squamosal shape: triangular (0); squared (1); squamosal absent (2). 

18. Quadratojugal exposure: extensive (0): small, largely covered by squamosal or supratemporal and postor- 
bital (1). 

19. Basiopterygoid processes: short, giving basisphenoid a square outline in dorsal view (0); markedly ex- 
panded laterally, being wing-like, giving basisphenoid a marked pentagonal shape in dorsal view (1). 

20. Extracondylar area of basioccipital: wide (0); reduced but still present ventrally and lateral (1); extremely 
reduced, being nonexistent at least ventrally (2). 

21. Basioccipital peg: present (0); absent (1). 

22. Ventral notch in the extracondylar area of the basioccipital: present (0); absent (1). 

23. Shape of the paroccipital process of the ophisthotic: short and robust (0); elongated and slender (1). 

24. Stapes proximal head: slender, much smaller than opisthotic proximal head (0); massive, as large or larger 
than ophistotic head (1). 

25. Stapedial shaft in adults: thick (0); slender and gracile (1). (Character 25 in Roberts et al. 2014). 

26. Angular lateral exposure: much smaller than surangular exposure (0), extensive (1). 

27. *Ventral kill on atlas-axis complex, bordered laterally by a concave areas: no, ventral kill is rounded (0); 
yes (1). 

28. Posterior dorsal/anterior caudal centra: 3.5 times or less as high as long (0); four times or more as high as 
long (1). 

29. Tail fin centra: strongly laterally compressed (0); as wide as high (1). 

30. Neural spines of atlas-axis: completely overlapping, may be fused (0), never fused (1). 

31. Chevrons in apical region: present (0); lost (1). 

32. Glenoid contribution of the scapula: extensive, being at least as large as the coracoid facet (0); reduced, 
being markedly smaller than the coracoid facet (1). 

33. Prominent acromion process of scapula: absent (0); present (1). 
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34. 


35. 


36. 


37. 
38. 


39. 


40. 


Coracoid shape in adults: (0) rounded (length to width ratio less than 1,3, and often is close to 1); (1) 
elongated (length to width ratio greater than or equal to 1,5). (Character 52 in Arkhangelsky and Zvekov, 
2014). 

Anteromedial process of coracoid and anterior notch: present (0); absent (1). 

Medial facet for the scapula on anteromedial process of coracoid: 0 — absent, 1 — present and well promi- 
nent. (Character 53 in Arkhangelsky and Zvekov, 2014). 

Plate-like dorsal ridge on humerus: absent (0); present (1). 

Protruding triangular deltopectoral crest on the humerus: absent (0); present (1).(modified by Roberts et 
al. 2014). 

Humerus distal and proximal ends in dorsal view: distal end wider than proximal end (0), nearly equal or 
proximal end slightly wider than distal end (1). 

Humerus posterior edge in adults: rounded (0) flattened and blade-like all along its length(1) (Modifica- 
tion of character 83 from Sander, 2000). 


. Humerus anterodistal facet for preaxial accessory element anterior to radius; absent (0); present (1). 

. Humerus with posterodistally deflected ulnar facet and distally facing radial facet: no (0); yes (1). 

. Humerus/intermedium contact: absent (0); present (1). 

. Shape of the posterior surface of the ulna: rounded or straight and nearly as thick as the rest of the element 





(0); concave and edgy (1). 


. Manual pisiform: absent (0), present (1). 
. Notching of anterior facet of leading edge elements of forefin in adults: present (0); absent (1). 
. Posterior enlargement of forefin: number of postaxial accessory ‘complete’ digits: none (0); one (1), two or 


more (2). 


. Preaxial accessory digits on forefin: absent (0); present (1). 
. Longipinnate or latipinnate forefin architecture: posterodistal (0); distal (1) cotact of ulnare with metacar- 


pal 5. 


. Intermedium/distal carpals contact: (0), with dc 3,4; (1), with dc 2,3; (2), with dc 3 (Modification of char. 


54 from Arkhangelsky and Zvekov, 2014; it is now resembles character 93 from Sander, 2000) 


. Zeugo- to autopodial elements flattened and plate-like (0); strongly thickened (1). 

. Tightly packed rectangular phalanges: absent, phalanges are mostly rounded (0), present (1). 

. Digital bifurcation: absent (0); frequently occurs in digit IV (1). 

. Ischium-pubis fusion in adults: absent or present only proximally (0); present with an oburator foramen 


(1); present with no oburator foramen (2). 


. Ischium or ischiopubis shape: plate-like, flattened (0); rod-like (1). 
. Prominent, ridge-like dorsal and ventral process demarked from the head of the femur and extending up to 


the mid-shaft: absent (0); present (1). 


. Ventral process on femur: smaller than dorsal process (0), more prominent (1). (Char. 52 in Roberts et al. 


2014) 


. Astragalus/femoral contact: absent (0); present (1). 

. Femur anterodistal facet for accessory zeugopodial element anterior to tibia: absent (0); present (1). 
. Tibia peripheral shaft in adults: notched (0); straight (1). 

. Postaxial accessory digit: absent (0); present (1). 


APPENDIX 3. Discussion of some characters. 


The character 49 (originally 41) from Fischer et al. (2012) based on intermedium with distal carpals con- 


tact is unable to characterize all variants of forefine architecture, however we can confidently distinguish two 
types of forefins (longipinnate and latipinnate forefins) based on cotact of the ulnare with metacarpal 5, which 
can be either posterodistal (in longipinnate fin), or distal (in latipinnate fins). 


The character 50 (54 in Arkhangelsky and Zverkov [2014] and 93 in Sander [2000], instead of character 49 


(41 in Fischer et al. [2012]) describes various configurations of intermedium to distal carpals contact. 
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Character states changed for Caypullisaurus bonapartei according Fernandez (2007: 6 (0—1), 11 (?—1), 
15-(?-1), 47 — (2-1) (NZ interpretation). 

According Fernandez and Talevi, 2013 some character states were changed for Mollesaurus periallus: 1 
(2-0); 2 (?-1); 3 (?-0); 4 (?-0); 11 (?-1). 

According Roberts et al., 2014 we accept changing of character states for Arthropterygius: 21 (here 24) 
(1—?); 40 (48) (?-1); 42 (51) (?-1); 43(52) (?—0); 49(59) (?—0) and do not accept their changes for charac- 
ters: 32(39) (1—0) and 47(56) (0-1). 

We do not accept changing of character states by Roberts et al., 2014 for Caypullisaurus from Fischer et al. 
2012: 45 (here 55) and 46 (56). Because we believe, that the element (Fernandez 2007, fig 2) is ishiopubis and 
possesses the characteristics correctly encoded by Fisher et al., 2012. 

We reserve the coding of character states for Undorosaurus and Cryopterygius as in Arkhangelsky and 
Zverkov, 2014 and do not accept some differences existing in Roberts et al., 2014. 

New characters: 

The character 7 was added in order to describe the unique feature of the genus Grendelius, having a flat- 
tened outgrowth of the nasal, which overlaps premaxilla externally. 

In the character 27 we describe the distinct feature of advanced platypterygiinae ichthyosaurs — ventral kill 
on atlas-axis complex, which is bordered laterally by concave areas. 








